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LIQUID CRYSTAL DISPLAY MANUFACTURING METHOD, MANUFACTURING 
15 DEVICE AND LIQUID CRYSTAL DISPLAY 

[Abstract] 

PROBLEM TO BE SOLVED: To permit production at a stable tact independent of 
the design of a liquid crystal panel. 

20 SOLUTION: In the process in which a liquid crystal 7 is dropped in a specified 
pattern and quantity in the region encircled by a sealing compound 2, the 
accuracy of a drip dropping the liquid crystal 7 is better than 0.4% and the 
distance between the position to be delivered by the liquid crystal 7 and the 
surface of a substrate dropping the liquid crystal 7 ranges from 10 to 100 u m. In 

25 addition, the liquid crystal 7 is filled in a syringe 8 then pushing with a pulse 

1 



motor 5 a piston 4 for the syringe 8 in as much as a designated quantity drops the 
liquid crystal 7. Pinpoint accuracy of the drip is thereby ensured and the drop 
time can be shortened. This permits keeping production higher in displaying the 
quality and all the more stable in tact. Referring to the merits of the pulse motor 5, 
5 mechanically pushing a piston as opposed to a pneumatic pressurization and 
extrusion exerts a less influence on the viscosity of a liquid crystal and the 
parameters under control can be determined simply by the number of pulses 
which is output to a motor resulting in an increased accuracy. 
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[Claims] 

[Claim 1 ] A fabrication method for an LCD comprising the steps of: 

placing a spacer member on at least one substrate of a pair of aligned 
electrode substrates of a liquid crystal panel, for determining a gap of the liquid 
5 crystal panel; 

forming an ultraviolet curing seal member on at least one of the substrates, 
for bonding the substrates together and sealing liquid crystal; 

drop-filling a predetermined quantity of liquid crystal in a specific pattern 
into an area surrounded by the seal member; 
10 aligning and bonding the pair of substrates at a reduced pressure to form 

a liquid crystal panel; 

shading entire areas of the liquid crystal panel except for the seal member 
from light and irradiating ultraviolet rays to cure the seal member; and 

performing thermal-annealing at a temperature at least Nl point of liquid 
15 crystal for at least one hour in order to stabilize the alignment of the liquid crystal 
7 thereby removing bubbles from the liquid panel, 

wherein the liquid crystal drop-filling step is performed at a precision of 
0.4% or less, and a distance from a dispensing position of liquid crystal to a 
substrate surface onto which liquid crystal is drop-filled is in a range of 10 to 
20 100nra. 

[Claim 2] The fabrication method for an LCD according to claim 1, wherein the 
liquid crystal drop-filling step comprises: filling liquid crystal into a syringe and 
pushing down a piston of the syringe with a pulse motor to a predetermined 
quantity. 

25 [Claim 3] The fabrication method for an LCD according to claim 2, wherein the 



number and size of the syringe and the number and pitch of nozzles for 
dispensing liquid crystal filled into the syringe are adjustable. 
[Claim 4) The fabrication method for an LCD according to claim 3, wherein a 
terminal end of the nozzle is coated with Teflon®. 
5 [Claim 5l The A fabrication method for an LCD according to claim 1, wherein 
liquid crystal is drop-filled by using a liquid crystal dispenser having a 
piezoelectric element. 
[Claim 6] A fabrication apparatus for an LCD comprising: 

a stage for fixing at least one of a pair of aligned electrode substrates via 
10 vacuum suction; and 

a drop-filling unit placed above the stage, for drop-filling liquid crystal onto 
a substrate surface, wherein the drop-filling unit has a syringe filled with liquid 
crystal, a pulse motor for controlling the movement of a piston of the syringe and 
a nozzle connected with the syringe, for dispensing liquid crystal. 
15 [Claim 7] The fabrication apparatus for an LCD according to claim 6, wherein 
the number and size of the syringe and the number and pitch of the nozzle are 
adjustable. 

[Claim 8] The fabrication apparatus for an LCD according to claim 6 or 7, 
wherein a terminal end of the nozzle is coated with Teflon®. 
20 (Claim 9] A fabrication apparatus for an LCD comprising: 

a stage for fixing at least one of a pair of aligned electrode substrates via 
vacuum suction; and 

a drop-filling unit placed above the stage, for drop-filling liquid crystal onto 
a substrate surface, wherein the drop-filling unit is adapted to drop-fill liquid 
25 crystal by using a liquid crystal dispenser having a piezoelectric element 



[Claim 10] An LCD provided by using a fabrication method for an LCD as 
described in any of preceding claims 1 to 5. 
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[Title of the invention] 

LIQUID CRYSTAL DISPLAY MANUFACTURING METHOD, MANUFACTURING 
DEVICE AND LIQUID CRYSTAL DISPLAY 
[Detailed Description of the Invention] 
5 [0001] 

[Field of the Invention] The present invention relates to method and apparatus 
for fabricating a Liquid Crystal Display (LCD) usable as a display unit of various 
electronic devices and an LCD fabricated thereby. 

[0002] 

10 [Description of the Prior Art] As a conventional fabrication method for an LCD, 
a vacuum injection process has been used. The vacuum injection process 
includes steps of: placing a spacer member on at least one of a pair of aligned 
electrode substrates, for determining a gap of a liquid crystal panel; forming a 
thermo-curing seal member on at least one of the pair of substrates, the seal 

15 member having an inlet for injecting liquid crystal and adapted to bond and fix the 
pair of substrates together and seal liquid crystal; aligning the two substrates and 
then bonding and pressing the substrates so that the seal member become a 
uniform gap; heat-curing the seal member and dividing and cutting the seal 
member except for necessary terminal parts to prepare a liquid crystal cell; 

20 placing the liquid crystal cell and liquid crystal within a vacuum chamber, 
decompressing the interior of the chamber, and contacting the liquid crystal cell 
with liquid crystal; opening the interior of the chamber to the atmospheric 
pressure to fill liquid crystal into the liquid crystal cell; uniformly compressing 
the interior of the liquid crystal-filled cell to push out unnecessary liquid crystal 

25 thereby forming a uniform cell gap; and sealing the inlet of liquid crystal with 



ultraviolet curing resin. 

[0003] The vacuum injection process fills liquid crystal into the cell by using a 
capillary effect of liquid crystal that pushes up liquid crystal under the 
atmospheric pressure. In this process, injection time is varied by large quantities 
5 according to the size of the liquid crystal panel, the gap of the liquid crystal cell 
and the orientation and viscosity of liquid crystal, and thus production 
management is difficult. 

[0004] 

[Problems to be Solved by the Invention] In the conventional vacuum injection 
10 process as described hereinbefore, time consumed for liquid crystal filling is 
unstable and thus production management is difficult. In particular, it is 
necessary to increase the number of liquid crystal-injecting equipments in order 
to realize a large-sized liquid crystal panel and a pattern design in which small- 
sized panels are inscribed onto a large sized substrate. 
15 [0005] Therefore, it is an object of the present invention to provide fabrication 
method and apparatus for an LCD, which can fabricate an LCD in a stable tact 
irrespective of the design of a liquid crystal panel by solving the foregoing 
problems, and an LCD fabricated thereby. 
[0006] 

20 [Means for Solving the Problem] In order to realize the foregoing object, a 
fabrication method for an LCD described in claim 1 of this invention comprises 
steps of: placing a spacer member on at least one substrate of a pair of aligned 
electrode substrates of a liquid crystal panel, for determining a gap of the liquid 
crystal panel; forming an ultraviolet curing seal member on at least one of the 

25 substrates, for bonding the substrates together and sealing liquid crystal; drop- 



filling a predetermined quantity of liquid crystal in a specific pattern into an area 
surrounded by the seal member; aligning and bonding the pair of substrates at a 
reduced pressure to form a liquid crystal panel; shading whole areas of the liquid 
crystal panel except for the seal member from light and irradiating ultraviolet rays 
5 to cure the seal member; and performing thermal-annealing at a temperature at 
least Nl point of liquid crystal for at least one hour in order to stabilize the 
alignment of the liquid crystal 7 thereby removing bubbles from the liquid panel, 
wherein the liquid crystal drop-filling step is performed at a precision of 0.4% or 
less, and a distance from a dispensing position of liquid crystal to a substrate 

10 surface onto which liquid crystal is drop-filled is in a range of 10 to 100nm. 

[0007] As described above, since the method comprises the step of drop-filling 
a predetermined quantity of liquid crystal in a specific pattern into an area 
surrounded by the seal member, wherein the liquid crystal drop-filling step is 
performed at a precision of 0.4% or less, and a distance from a dispensing 

15 position of liquid crystal to a substrate surface onto which liquid crystal is drop- 
filled is in a range of 10 to 100|im, it is possible to raise the precision of drop-filling 
quantity as well as promote reduction is drop-filling time, thereby improving 
display quality as well as enabling production at a stable tact. Furthermore, in the 
case of drop-filling, since there is a risk that alignment scratches will take place 

20 by contacting a nozzle for dispensing liquid crystal to the aligned substrate, in 
order to avoid this risk, the distance between the nozzle and the substrate can be 
set by at least 10[im to prevent any alignment scratches. Also, by setting the 
distance between the nozzle and the substrate by 100nm or less, it is possible to 
attribute to reduction in drop-filling time. Furthermore, at a distance of 100|im or 

25 more from the nozzle to the substrate, there is a low probability that liquid crystal 



contact the substrate. Moreover, 0.4% as a basis of the degree of drop-filling 
quantity of liquid crystal is a precision in which setting the gap precision of the 
panel at ±0.1 p or less is needed. However, there are no strict requirements for 
piezoelectric elements. 
5 [0008] This fabrication method can enable the stabilization of tact, and thus can 
provide a fabrication method for an LCD having high gap precision and yield. 
[0009] The fabrication method for an LCD described in claim 2 has following 
features in addition to those of claim 1, wherein the liquid crystal drop-filling step 
comprises: filling liquid crystal into a syringe and pushing down a piston of the 

10 syringe with a pulse motor to a predetermined quantity. Like this, since liquid 
crystal is filled into the syringe and the piston of the syringe is pressed down with 
the pulse motor to drop-fill liquid crystal, it is possible to promote improvement in 
the precision of drop-filling quantity. Unlike compressed dispensing by air, the 
pulse motor has a merit in that the piston is mechanically pressed down causing 

15 little influence to the viscosity of liquid crystal so that parameters to be controlled 
can be determined only by the number of pulses applied to the motor. Then, 
motor can rotate by this pulse number and thus press down the piston thereby 
drop-filling liquid crystal onto the substrate as much as changed volume fraction. 
Furthermore, it is also possible to press down a plurality of pistons with one 

20 pulse motor even though the number of the syringe is increased. 

[0010] The fabrication method for an LCD described in claim 3 has following 
features in addition to those of claim 2, wherein the number and size of the 
syringe and the number and pitch of nozzles for dispensing liquid crystal filled 
into the syringe are adjustable. Like this, since the number and size of the 

25 syringe and the number and pitch of nozzles for dispensing liquid crystal filled 



into the syringe are adjustable, even though various types of panels are designed 
and arranged in one substrate, it is possible to cope with this arrangement by 
properly changing the inside diameter of the syringe and adjusting the position of 
the nozzle. 

5 [0011] The fabrication method for an LCD described in claim 4 has following 
features in addition to those of claim 3, wherein a terminal end of the nozzle is 
coated with Teflon®. Like this, since a terminal end of the nozzle is coated with 
Teflon resin, even though the nozzle touches the substrate, no alignment 
scratches and the like take place. 

10 [0012] The fabrication method for an LCD described in claim 5 has following 
features in addition to those of claim 1, liquid crystal is drop-filled by using a 
liquid crystal dispenser having a piezoelectric element. Like this, the same effect 
can be achieved even by drop-filling liquid crystal with the liquid crystal 
dispenser having the piezoelectric element. 

15 [0013] A fabrication apparatus for an LCD as described in claim 6 comprises: a 
stage for fixing at least one of a pair of aligned electrode substrates via vacuum 
suction; and a drop-filling unit placed above the stage, for drop-filling liquid 
crystal onto a substrate surface, wherein the drop-filling unit has a syringe filled 
with liquid crystal, a pulse motor for controlling the movement of a piston of the 

20 syringe and a nozzle connected with the syringe, for dispensing liquid crystal. 

[0014] Like this, since the drop-filling unit has the syringe filled with liquid 
crystal, the pulse motor for controlling the movement of the piston of the syringe 
and the nozzle connected with the syringe, for dispensing liquid crystal, it is 
possible to promote improvement in precision by mechanically pressing the 

25 piston of the pulse motor in order to control the quantity of drop-filling. 



[0015] Unlike compressed dispensing by air, the pulse motor has a merit in 
that the piston is mechanically pressed down causing little influence to the 
viscosity of liquid crystal so that parameters to be controlled can be determined 
only by the number of pulses applied to the motor. Then, motor can rotate by this 
5 pulse number and thus press down the piston thereby drop-filling liquid crystal 
onto the substrate as much as changed volume fraction. Furthermore, it is also 
possible to press down a plurality of pistons with one pulse motor even though 
the number of the syringe is increased. 

[0016] In addition, since the quantity of drop-filling changes in proportion with 
10 the inside diameter of the syringe at a fixed rotation rate, in order to control drop- 
filling quantity in a minute panel, the inside diameter of the syringe and the 
rotation rate (pulse number) of the pulse motor can be controlled with a high 
precision. 

[0017] The fabrication apparatus for an LCD described in claim 7 has following 
15 features in addition those of claim 6, wherein the number and size of the syringe 
and the number and pitch of the nozzle are adjustable. Like this, since the 
number and size of the syringe and the number and pitch of the nozzle can be 
adjusted, even though various types of panels are designed and arranged in one 
substrate, it is possible to cope with this arrangement by properly changing the 
20 inside diameter of the syringe and adjusting the position of the nozzle. 

[0018] The fabrication apparatus for an LCD described in claim 8 has following 
features in addition to those of claim 6 or 7, wherein a terminal end of the nozzle 
is coated with Teflon®. Like this, since a terminal end of the nozzle is coated with 
Teflon resin, even though the nozzle touches the substrate, alignment scratches 
25 and the like rarely take place. 



[00191 A fabrication apparatus for an LCD as described in claim 9 comprises: a 
stage for fixing at least one of a pair of aligned electrode substrates via vacuum 
suction; and a drop-filling unit placed above the stage, for drop-filling liquid 
crystal onto a substrate surface, wherein the drop-filling unit is adapted to drop- 
5 fill liquid crystal by using a liquid crystal dispenser having a piezoelectric element. 
Like this, the same effect can be achieved even though the fabrication apparatus 
has a function of drop-filling liquid crystal with the liquid crystal dispenser having 
the piezoelectric element. 
[0020] An LCD as described in claim 10 is provided by using a fabrication 

10 method for an LCD as described in any of preceding claims 1 to 5. Like this, by 
providing an LCD by using the fabrication method for an LCD as described in any 
of preceding claims 1 to 5, it is possible to provide an LCD having an excellent 
display quality without ring-shaped cohesion drop-filling marks in a display 
condition. 

15 [0021] 

[Embodiment of the Invention] Embodiments of the present invention will be 
described in conjunction with FIGS. 1 to 5 (R>5). FIG. 1 is a schematic view 
illustrating a liquid crystal drop filling apparatus according to an embodiment of 
the invention. 

20 [0022] As shown in FIG. 1, an aligned electrode substrate 3 provided with a seal 
member 2 is loaded on a stage 1, which is movable in vertical and lateral 
directions. The electrode substrate 3 is fixed to the stage 1 via vacuum suction. 
A drop filling unit is placed above the stage 1. The drop filling unit includes 
syringes 8 filled with liquid crystal 7, a pulse motor 5 for controlling the 

25 movement of pistons 4, a bar 6 designed to transfer the rotation of the pulse 



motor 5 to the pistons 4, a syringe holder 9 for fixing the syringes 8, nozzles 10 
communicating with the syringes 8 to dispense liquid crystal 7, Teflon tubes 11 
for connecting the nozzles 10 to the syringes 8 and a drop filling head 12 in which 
the nozzles 10 are placed. Besides, in the drop filling unit, the number and size of 
5 the syringes 8 and the pitch of the nozzles 10 can be adjusted. Terminal ends of 
the nozzles 10 are coated with Teflon resin. 

[0023] A fabrication method for actually filling liquid crystal drops and 
fabricating an LCD will now be described. That is, the fabrication method for an 
LCD includes steps of: placing a spacer member on at least one substrate 3 of the 

10 pair of aligned electrode substrates 3 of a liquid crystal panel, for determining a 
gap of the liquid crystal panel; forming the (meta-) acrylate-based or epoxy-based 
ultraviolet curing seal member 2 on at least one of the substrates 3, for bonding 
the substrates 3 together and sealing liquid crystal; drop-filling a predetermined 
quantity of liquid crystal in a specific pattern into an area surrounded by the seal 

15 member 2; aligning and bonding the pair of substrates 3 at a reduced pressure of 
0.8 torr or less to form the liquid crystal panel; shading whole areas of the liquid 
crystal panel except for the seal member 2 from light and exposing ultraviolet 
rays to cure the seal member 2; performing thermal-annealing at a temperature at 
least Nl point of liquid crystal 7 for at least one hour in order to stabilize the 

20 alignment of the liquid crystal 7 thereby removing bubbles from the liquid panel. 
[0024] Besides, in the drop-filling procedure of liquid crystal, liquid crystal 7 is 
filled into the syringes 8 and the pistons 4 of the syringes 8 are pressed by the 
pulse motor 5 to drop-fill a certain quantity of liquid crystal 7. The precision of 
drop filling liquid crystal 7 is 0.4% or less, the time of drop filling liquid crystal 7 

25 is 3 minutes or less, and the distance from the nozzle terminal ends as liquid 



crystal 7 dispensing positions to a substrate surface onto which liquid crystal 7 is 
dispensed is on the order of 10 to 100nm. In this case, the stage 1 is displaced 
toward the nozzles 10 so that the distance between the substrate 3 and the 
nozzles 10 becomes within 10 to 100|im. Then, the pulse motor 5 is rotated at a 
5 predetermined pulse number to push down the pistons 4. Then, liquid crystal 7 is 
drop-filled onto the substrate 3 through the nozzles 10 from the syringes 8 by the 
quantity of changed volume fraction. Then, the stage 1 moves downward and 
then horizontally to a next point. 
[0025] In this case, the pulse motor presses the pistons by the relationship of 

10 10|im per 1 pulse. FIG. 2 is a graph of a relationship of drop-filling quantities when 
the pulse motor is rotated by 10 pulses, measured by varying the inside diameter 
of a syringe by 0.1, 0.5, 1 and 5mm. 

[0026] As can be seen from this graph, it can be understood that the quantity of 
drop filling is varied in proportion to the inside diameter size of the syringe at a 

15 fixed rotation rate. Therefore, in order to control the quantity of drop filling into 
the minute panel, it is required to be able to properly control the inside diameter 
of the syringe and the degree of rotation (pulse number) of the pulse motor. 

[0027] A 13 inch XGA type TFT panel was actually fabricated for trial according 
to drop filling. The quantity of liquid crystal fed into this panel is length 24mm X 

20 width 310mm X gap 5|im = 372 ml. Pattern 2 shown in FIGS. 3 and 4 was 
performed as a drop-filling pattern. In this case, FIG. 3 is a drop-filling pattern A, 
and FIG. 4 is a drop-filling pattern B. In the drop-filling pattern A, the quantity of 
drop filling at 1 point becomes 372ml * (24 points * 60 points) = 0.258ml. In the 
drop-filling pattern B, the quantity of drop filling at 1 point becomes 372ml * (46 

25 points * 60 points) = 0.135ml. The drop-filling pattern A has a longitudinal pitch of 



9mm and a lateral pitch of 4.65mm, in which a drop-filling point at a corner is 
distanced longitudinally 17.8mm and laterally 16.5mm from the seal member 2. 
The drop-filling pattern B has a longitudinal pitch of 5.0mm and a lateral pitch of 
5.0mm, in which a drop-filling point at a corner is distanced longitudinally 5.0mm 
5 and laterally 5.0mm from the seal member 2. 

[0028] Thus, in the drop-filling pattern A, when 33 pulses are applied to the 
pulse motor by using <p 1.0mm syringes, the quantity of drop-filling becomes 33 
pulses x 0.00785ml x 24 points * 60 points = 373.032ml, which is within the range 
of 372ml ± 0.4%. Then, in the drop-filling pattern B, the quantity of drop-filling 
10 becomes (17 pulses * 0.00785ml) x (46 points x 60 points) + (17 pulses x 
0.0019625ml) x (2 points x 60 points) = 372.3ml, which is also within the range of 
372ml ± 0.4%. In the drop-filling pattern B, drop filling is performed on rows in 
upper and lower ends of the drawing, first with a <p 1.0mm syringe and then with 
<p 0.5mm syringe. This makes it possible to adjust the quantity of drop filling with 
15 a high precision. Drop-filling patterns and display qualities are represented in 
Table 1 below: 

[0029] 

[Tabid] 

Poor display Drop filling pattern 

A B 
Stain in surface o o 

Bubble remained in X o 

surface 

[0030] From this result, it is seen that bubbles cannot be removed from a panel 

20 corner in case of the drop-filling pattern A since the drop-filling points have a long 

15 



distance from the seal member. Furthermore, the stain in surface did not occur 
since the pitch of drop-filling points became 10mm. 
[0031] This drop filling of liquid crystal was performed by connecting two 
nozzles to one syringe, in which 12 syringes were arranged in parallel in case of 
5 the drop-filling pattern A and 23 syringes were arranged in parallel in case of the 
drop-filling pattern B. Furthermore, in the drop-filling pattern 2, as second drop 
filling, one syringe was separately prepared and connected equally to two nozzles. 
In the drop-filling pattern A, drop filling was terminated for every 1 minute with 1 
second X 60 pints since 1 second was consumed under 1 ringer. The drop-filling 
10 pattern B was terminated in 2 minutes. If drop-filling time exceeds 3 minutes, a 
ring-shaped stain took place at a drop-fill point in case of voltage application and 
display quality is degraded. 
[0032] Furthermore, as shown in Fig. 5, even if panels 20 and 21 (7.8 types and 
13 types) having a plurality of patterns are designed in one sheet of substrate 3, 
15 by achieving the design matching between the drop-filling pitch and the panels 20 
and 21, the plurality of panels can be produced simultaneously with one 
apparatus through adjustment in the size and number of syringes. Then, it is 
possible to promote reduction in fabrication loss. 
[0033] In addition, the drop-filling unit may have a function of drop-filling liquid 
20 crystal by using a liquid crystal dispenser having a piezoelectric element. 
[0034] 

[Effects of the Invention] As described above, according to the fabrication 

method described in claim 1, since the method comprises the sitep of drop-filling 

a predetermined quantity of liquid crystal in a specific pattern into an area 

25 surrounded by the seal member, wherein the liquid crystal drop-filling step is 

16 



performed at a precision of 0.4% or less, and a distance from a dispensing 
position of liquid crystal to a substrate surface onto which liquid crystal is drop- 
filled is in a range of 10 to 100|im, it is possible to raise the precision of drop-filling 
quantity as well as promote reduction is drop-filling time, thereby improving 
5 display quality as well as enabling production at a stable tact Furthermore, in the 
case of drop-filling, since there is a risk that alignment scratches will take place 
by contacting a nozzle for dispensing liquid crystal to the aligned substrate, in 
order to avoid this risk, the distance between the nozzle and the substrate can be 
set by at least 10pm to prevent any alignment scratches. Also, by setting the 

10 distance between the nozzle and the substrate by 100pm or less, it is possible to 
attribute to reduction in drop-filling time. Since the LCD fabricated like this has 
high display quality, it is possible to arrange a plurality of panels on one 
substrate without any production loss, produce at a stable tact and facilitate 
production management. 

15 [0035] According to the fabrication method for an LCD described in claim 2, 
since liquid crystal is drop-filled into a syringe and pushing down a piston of the 
syringe with a pulse motor to a predetermined quantity, it is possible to promote 
improvement in the precision of drop-filling quantity. Unlike compressed 
dispensing by air, the pulse motor has a merit in that the piston is mechanically 

20 pressed down causing little influence to the viscosity of liquid crystal so that 
parameters to be controlled can be determined only by the number of pulses 
applied to the motor. Then, motor can rotate by this pulse number and thus press 
down the piston thereby drop-filling liquid crystal onto the substrate as much as 
changed volume fraction. Furthermore, it is also possible to press down a 

25 plurality of pistons with one pulse motor even though the number of the syringe 



is increased. 

[0036] According to claim 3, since the number and size of the syringe and the 
number and pitch of nozzles for dispensing liquid crystal filled into the syringe 
are adjustable, even though various types of panels are designed and arranged in 
5 one substrate, it is possible to cope with this arrangement by properly changing 
the inside diameter of the syringe and adjusting the position of the nozzle. 

[0037] According to claim 4, a terminal end of the nozzle is coated with Teflon 
resin, even though the nozzle touches the substrate, no alignment scratches and 
the like take place. 

10 [0038] According to claim 5, the same effect can be achieved even by drop- 
filling liquid crystal with the liquid crystal dispenser having the piezoelectric 
element. 

[0039] According to the fabrication apparatus for an LCD as described in claim 
6, since the drop-filling unit has the syringe filled with liquid crystal, the pulse 

15 motor for controlling the movement of the piston of the syringe and the nozzle 
connected with the syringe, for dispensing liquid crystal, it is possible to promote 
improvement in precision by mechanically pressing the piston of the pulse motor 
in order to control the quantity of drop-filling. 
[0040] Unlike compressed dispensing by air, the pulse motor has a merit in that 

20 the piston is mechanically pressed down causing little influence to the viscosity 
of liquid crystal so that parameters to be controlled can be determined only by 
the number of pulses applied to the motor. Then, motor can rotate by this pulse 
number and thus press down the piston thereby drop-filling liquid crystal onto 
the substrate as much as changed volume fraction. Furthermore, it is also 

25 possible to press down a plurality of pistons with one pulse motor even though 



the number of the syringe is increased. 

[0041] In addition, since the quantity of drop-filling changes in proportion with 
the inside diameter of the syringe at a fixed rotation rate, in order to control drop- 
filling quantity in a minute panel, the inside diameter of the syringe and the 
5 rotation rate (pulse number) of the pulse motor can be controlled with a high 
precision. 

[0042] According to claim 7, since the number and size of the syringe and the 
number and pitch of the nozzle can be adjusted, even though various types of 
panels are designed and arranged in one substrate, it is possible to cope with this 
10 arrangement by properly changing the inside diameter of the syringe and 
adjusting the position of the nozzle. 

[0043] According to claim 8, since a terminal end of the nozzle is coated with 
Teflon resin, even though the nozzle touches the substrate, alignment scratches 
and the like rarely take place. 
15 [0044] According to the fabrication apparatus for an LCD as described in claim 
9 of this invention, the same effect can be achieved even though the fabrication 
apparatus has a function of drop-filling liquid crystal with the liquid crystal 
dispenser having the piezoelectric element. 
[0045] According to the LCD as described in claim 10 of this invention, by 
20 providing an LCD by using the fabrication method for an LCD as described in any 
of preceding claims 1 to 5, it is possible to provide an LCD having an excellent 
display quality without ring-shaped cohesion drop-filling marks in a display 
condition. 
[Description of Drawings] 
25 FIG. 1 is A schematic view illustrating a liquid crystal drop filling apparatus 



according to an embodiment of the invention; 

FIG. 2A is a graph illustrating a relationship of the inside diameter of a 
drop-filling syringe with drop-filling quantities according to an embodiment of the 
invention; 

5 FIG. 3A is a view illustrating a drop-filling pattern A according to an 

embodiment of the invention; 

FIG 4 is a view illustrating a drop-filling pattern B according to an 
embodiment of the invention; and 

FIG. 5 is a schematic view illustrating a substrate in which a plurality of 
10 panels are arranged thereon according to an embodiment of the invention. 
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jiST-rsxstcfcv^T. m&tmr-tztssTRnnmfi 
o. 4%mrtT. ?g H B B <oqtai{ig^^ H 3 H ^OT-ri.s 
mmt (ommtf 1 o 1 o o u mco^mizhtz t % 

tc& it im. i festosA^^sf coi^a. 

mt -rm^m 2 enaaffl&i^onfim 
ihhuju ] y xfro&®m&7-y □> (ftiiffi 
a) msiva-T < y7*nx^imm3is$wfo& 

[§t*JS5] ffi«£?£i&ft*«.F B t>taigS£fflvvt 

• m. 

[ft*JB 9 ] EfSlKUlS-Sfc Lfc-ttomfi^ S«0 



[ff#«10] MBfll. 2, 3, 4s£*:«:5ffiK<7> 

s. 

(00011 
[0002] 

[ft*Oj$«] ^*M B B a A'^;K7)|St^tc(i^iiA 

jLmwfmztix^z. ^^m^aAxffiti, -#012 

•/7t Sr&id KffflE-f&XSi . /WSr&Jgflrf 
£XSi:, ! £:^5rSg^a5^tSr«LTS'JBrLJg a 3 B -fe;U 
Srf^fiK-r ^» XS b . Z ^JRal-b/U fc SASXSf-* Wn' 

ssitt-rsxgi:. ^y^m^&izmmim&t: 

m\M®BZX'mo?zj:nb$:-£tjzbS:imb lx^ 
cooo3] zwmm&Axmx'ii. ms^-tw^n 

[0004] 

[^*Jjg^Li3t-rsSilS] ±ffi^idt:t^*o* 

[000 5] Lfc^t. dW^coiffrti. l^PS 
£8?&-rSfc<7)T\ 7S B VN'*/K0KI+tW^^<^L 

[0006] 

[^H^fs^-ri»^co^g] ±.sm&im&;t2>tiib 

ms&mh. 'J?%<bi>-H<rm8Uz®il>Ji*JW> 
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[0007] zoxoiz. >>-/i>ttxwttit:m®mz 
m , &<?>w-yx'm'&<r)R<?>W!. a \*m : ^hJMi:-& 

zoxmtz&^x . mk^T-rirsrmcon&i^ 
o. 4%tmx\ m B %<?>vift®mfr ^m^mr-r^m 
tmtotiemtfi oa»^> i o o um<r>$mi,zhh<?)x\ 
m&<7>ttmp&< - m^^w&^mixh z t &t> 

m^&iSLt^K^Lt^^ *X'<r>£Mittntt%Z>. 

tmfct <7)SEStS: 1 OMm&Jck&Zt T'S2fifg£ Kit 
T'£S. 4fc, SXll'tmS.tOVmt: 1 0 Oum&T 

tttztTm^fS(ommiz^--rh. sx* 
twsLt<7)'®m>n o o umw±xim&tm&tim. 

0. lumWTt-tZ,tzih£.!iSm%ftg.Xh&. tcfz 
[0008] CLOKii^t,}: 9 99 b(V£MiWsJ& 

$m.<r)wmmzm-th z 1 a*-c# & . 
[0009] !i*fl2ie«wstf a ^jii»gji^-s 

isy vitwx v yt'vux^-fX'mjgMm-z tx- 

xzwi/v yvwx v >t>wx*:-?x'ffi%mw-t 
ztxf&iBZiST-r&oX'. iST«<oms<7)isi±^0i. 

tfrh. mk\mmz±&&&iw%\\tztmw*h* 

v X-9^-9 ^hth^Xmi^X'^X^ h 

£xs>&. zwwzmsft-fwm&r&zt 
9 ex hyzwitwtm&ittttsinmi'azmi.i.tz 

mizi> l ©o/^xt-^TII&otrx h y*W -f z t 



[ooio] m%mim.<?>m B %m^w.<nmmm 
vwj y ^izsmM&imst s y xw®. 1 1 -y ?- 

[0011] lf*«4ffiS!<7)?K B H B ^^^^i*ffi 
«SMf7ayi8§t3-f.f y7Ztix^z>cnx\ 

mz;X)Utfmt®t&Lxi>&ftm%ztf£.i%\,\ 
[ooi2] m&m 5 tm.<r)WiB%m^m.cr>mmnm 

*?g&Rtai£B£^Tffi B B B £)itTLT i 

[ooi3] mt.mesm^mikm^m^wmw. 

«Sr^fiSL^^< t i>-H<7mWLt:K£<R1tlz± OS 
^•fSXr-^t. COX-f-xOi^-tcES^tiSiS 
£g<£®CjSTt I-jST^-- -y h fc Sfl.*. . MieiSTi 
-"/Ht SaSr^UJt^yy^'fc. Zff>^)y-Jff> 

vxyyojfflfeimthrtivx^-fk^ nc^ijy 

ii^? ftifc&fcRtSW* y X^t Sr*Tf & . 
[0014] ^<7)i d tc. ®Ta.^-y hit. ffi^SrJE* 
Liti/'J^yk. ZOisV yi/<r)\ZXby<?)%W)$:%!\W 

-ri/vux^—ft. v-yv^tsts^fLfg^s-ttffi-t 
x*-^ rex k y $r^«wtjf-r^ 1 1 j: oaeoisj 

[0015] C<0A/PXt-^<0^ 'J -y hJi, X7-C 
Zkfrt>. ^MRizi hW&tf&K^tzibmi-rh 

x -9 *f^-^(caj*-t h'vuxmiifX'&feX'Z 
h&x%h. zwwxmm^—rifimm.-thzktz 
ymt*comm:ttt3i0)Wi B i£m&Lt 
izmmzttfx-z&. tt:. isv yw&zmbo? 
&mzi> i fiico/'W/x^-^T'ttaotx h y^ff-fd 

[ o o 1 6 ] -soEHEft-c^ntf^y »*<oa 

S-t-fXtcttWLTiSTfi^ft-rSTt*, jSy-^N-* 

^XkyC/PXt-^<7)[51gfi(/N-/UXa) Ti»^< 

[0017] If 7 l£K^?g B , B ^^^S?mgg 

»««6(cfcv^-c. vy^^'<o*lt. 1MX. tJi 
l/yX;K7)Ste-/^^i^T-#S[ilE?:WL^. ^co 
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tvi-$:mmt'Z&mm$:iiLx^&0>z\ -wis 
[0018] it *m8m!i(owi&mmw<7)WLimm 

h<nx\ mz j XiwmLt mmtx **± 
[ooi9] m^^mmnmiy&mmnwmm 

m%f$.l,t:'J?%< t h-^^mR^M^^zl OH 

fct&XT—iSt. Z<VXr-iS<0±1}tZ8mZtlW£ , B 
ZmmiZiST-t&ffiTi-- -vbt Zffil . 
Mi. E^^S-S^?gai!tai^Srfflv%T?gaS:jS 
T-fS^tgSr*Lfe. ClOidlc. jSTi^ -/Hi. EE 

^m^mtf.im^tmm.im^xm^f^r-thm 
[0020] mxm i oiemnm&msim*. » *jb 

1. 2. 3, 4*3ttt5^SSOjKfB«^^^i8t*ffi 
*ffiV^T»*Ln:. -KOiptc. gt^JSl, 2, 3, 4 

4fctt simm^mm^m^m^m^xm^t 

[0021 ] 

[fH8<05Q6«?»g®3 i<0»BB < o|Kfe<o»JBS , Hl~a 

m&®Tmme>Wi%®x-h s . 

[0022] 111 C^T i d £. ±T^£8OTII&r 
x-f- x 1 fc is-A4t 2 LfcEratelK L*1£ 
gft£««3£<7M*\ xf-^'l fcS«3ttg2ifiJ£C 
JrOH^f^. *LXZ<r>XT- : Jl<r>±.1ilzWf : 3-- 

■JVx8fc, WF^4««ltlWWW 
5i. ^K>4«CAVPXt-^5<0|llg$-fi^tS7t 

t. ^u^^stse^iissT^Dtai-rayx/no 

-nit. yX/H OSrEof Lfcjg-pvy K 1 2 

i>«kt/yx/n o^fctr-y^p^r^ s^tg^L 

SX)V\ 0O5ygg5^iT7ay^BgT3-f- 
[0023] aicfSgHc^fcOTLT^B^^^ 

iHSU.:-*t?)m&tf#»£3<93*>. &%<th-H 



-»C0SS 3 £*£t LT^^^-TS^O ( * ? ) 

ft2$rjBB£-r&xst. ~>-ju&2xmitit:mmmz 
m%?>'s?-yx'ffijz<om<DWLi , a 7$:r&r-fz>jL.mt . 

-tt<?)3M3<?>Ty'{ .xyhSrfrK 0. 8 h-JV&T 

o^ B B B ^^/uo^-/W2tw<ogp^$-ig7eL. sstmg 

$rKJtfi > -t(cj:0^-/^2i&?lfl:-ri,XSt. m. 
B B B 7 tfDffifi ££££ iti&ik/<*Jl'[ticr>$m$: h ti 
*>(3fffi7 ON I £fcLb0fi£T- 1 B$Hiy±<0&T-- 

[ 0 0 2 4 ] £ Jt&BlSSTIilfcfcv . « 0 b b 7 £ y 
^8fc:^«UTC<o^y y>-*8<oex by 4 £/^x 
^-^5T'fi)rfelfff ^fcT1K B B B7SrSIT-ta. ffiif B 7 
S-iilT-ri.?STSO»mi0. 4%fcll*rt\ i&FB7£iiS 
T"f.S»B#|Sl{i3^]artf. SB B a7cO0tajfi[M-C'ft*yX 
/k5fe4gSB^-*^?Sa7 iWT-fhmmtOVem* 1 0 
*>^>100/imOKffl(C$>S. Cl<7)*lr£\ Xf-yi4< 
^10tSR3i cD!Eg# 1 0 f> 1 0 0 ;u ml^fi 
fcifriaiC^iH"* . 5 a* 

BtSo/</uxsi:^'*tlHieLexhy4$-lf-r. 

y vi/8 rtosa 7 itztmfttm / x>v 1 o 

[ 0 0 2 5 ] «I £T\ ^IfiliSffl L/LvnVPX*-^ fc 
ffc.S. 02«iClO>'NV^t-^$-ffli,%7tig^. 10A 
0. 1. 0. 5. 1. 5mmi£fl:U:fc#<7)RK8£ffl 

[0026] yfrhhfrh <t -s<ome 

3>h n-;k-r&(c{± y >'> ! «0rtg-9-'f Xi: y t;ux 

[0027] CldTH^tC 1 3-f Vf-c7)XGAft«OT 

g[2 4 0mmxtg3 1 0ramX-t/^t7r5ju 
m=372mim. d^TiST^-yti. 03. 
AtizJrrtlf^-yi^tz. Zcot^msZi&T'*? 
->A, 04?r?gT/'?^->'Bfri.. jBT/^-^A 
T'li. l^jSTM3^3 7 2id1t(2 4 *x 6 0.6) 
= 0. 258ml. f&T'-W-yBTlt3 7 2ml -f- 
(4 6*X6 0*)=0. 13 5ml fc^. ^rt>. }jg 
T^^->AT{i. Jg*|S]<7)t-yf-9mm. «|^ri6]C0t 
-/f-4. 6 5mm. 1 a— ^(OlffTA^&mt^-J^ 
«2*^<0ffiS*<}g^(S]17. 8mm. ffi^r|Sjl6. 5 
mmT-ftO. OT^-yBT1i. Jg*|Sj<7)tT y f-5 . 
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0mm. WififtW y^5. Omm, 1 3-^g?<7)}gT 
«|^5. OmmtW. 

[00 28] ftoT»T/W->Attt, <*1. Omm 

iXtfSTSli ( 3 3^^X0 . 0 0 7 8 5ml) x 
<24£x60£) =373. 032ml-C372ml 
±0. 4%0^CA^T^^. ^(ClBT^'^-yBT 
(i. ( 1 7/*WXX0. 00785m 1 ) X (46«£x 
6 0,«£) + ( 1 7/Wl'XXO. 0019625ml ) X 
(2£X60j&> =372. 3mlfc&9<r<0^k3 
72ml±0. 4%<0ffiH£AS. ZZT^TF^^-y 

t\ 2ndW. 5mmCO^U>S/5-fflV^@B±T 
fl^Wfc«T«: ft 9 £ fc fci 0 „ «STS£ff < H 

[0029] 







A 


B 




o 


O 




X 


O 



[00 3 0] Zff)&%frt>&T'*fi-yAX'li. 

frhwrmmbft 1 6 . 5 mmfciSM^^u^- 

t±» STjSWKv^I Omm&rtT-fcSClfc 

[0031] fi5a B a<0}gT£*T 0 0 . 1 
S^VS^fcyXA^fctaitSLTfrVV iST/^-y 
AT'tt 1 2*. BTJi 2 3#^ 'J yySrMyiJCSBM U 
tz. MtjTF>'^-yBT-(i2nd(0?gTtUT. 1* 

ff^fc. fLt> STF^-yATUU ljfiSTFK:i» 
Wf^*»*^oT^6£0T\ l#x6 0/£-Cl$H8ir»T 

o . 

[0032] £tz®5 tZTFTtX o 1 &OSR3 rt£ 
«&^K?-y£k-9/t*/M7. 138) 2 

o. 2 ia«if-3*iT»6«£r(K jsre-^fc^* 

*20. 2 1IS<Dt-.y^fc<7)Mt-?>g£tt£fcMf. x 
[ 0 0 3 3 ] Mi. EmSti^f-tt: 



[0034] 

[ fm<r>%& I -o^^is^js i E^ffi H e a a^g 

<?)lSCfe^T. jSH a a 5r}ST-t^)STfi^g*«0. 4 
<7)!ES* { 1 0K10 0 vmCD&mizh&OT. WTM. 

mo. znfm&zmmtzizht:*). jxivtmi 
tamm i o//mia±fcs^fcTiersi{g^i*itT-^. 

£?KbV ^MiWr^^i^ ^ t <0fc * 0 > • L*» t> — «t 

(0035) IS*JS2T'(i. «Sa H a£vy V^'Wfl&LT 
•r^oyy y^'cotrx h y^yuxt-^-CB/rSajf-f 

fctfr* *. yf/ux^-ry-oy 'J -y Mi. x7-£i& 
flnffflUKLfctifl&'K &fi&Wcb-xh:x£#-f -i: 

ex b y*w izv&m&mminmik&mLtiztii 
*it&cztfrt>ifltox-f>z>. 

[0036] m& 3 TH. ~> V if-f X. 

zms&zit. sxwmzm&thzuzxw 

[0037] Tli. y X/K0JfeJggS^Wx7O 

y^fiiT-n-r-f yy?ixT^S<0T'. KlcyX;l^S 

[0038] m*m5 x-ii. smmnmtiiMfttiii 
mwm^xwiikzmTLx t mm<r)®%tf%t>tiz> . 

[0039] C^BH<oa*«6 Kao» a B aa^lDf <0 
gjtSSCitHf. SST^-yMi. MkZXt&Ltli' 

'J y-Jt , z<7)is>jy i J<?>t:xhy<o&®$:fflwi-hJS 
/uxt-tt. zsyyi/tm&zhm&ZQt&-th;x 
>\sttt-th<nx\ mTmiMmt&t&tz'vi'X*- 

^T-ex h y SrJgllSW^^ t tc i omg^(pj±^@ 
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[0040] ZOJVVX^-fff)* U -y Mi, XT-lC 

£?ST-f& .it S"*;ys^A«iMftrr 
[0041]^-^. -%.<7>®w&x'btnf >v -sisnn 

[0042] t-«. u y vsarcwk in x, 
ai.xfyx)wmt v-s^zm&x'Z swBfc^i/tv* 

[0043] g§%T%8Xte. J XiUMSmft&T 7n 
[0044] ClO^BBcOi«*3a9ieKO}gaa^lS^ 

g^stctfitf. anFaiVhtt. Emg^RWi 

[02] 



2.5 




0 1 2 3 4 5 6 
->y>5?t*iS mm 



[0045] zn^tyornxm i oiEK^ B B B ^^g 

fciftlf, fftpRl. 2. 3. 4£tti5ie«<0ig.fe3l 
[01 ] CO^^Sfio^JgOSEalffiTgSOSliii&a 

[02 ] z^nnm&emmizmimmyv > : j 
[03] z0mmmm<wm£.t3Vi>igr>w->A 

[04 ] ^^^ffio^tcfcttSi^^-yB 

<r>wm 

[05 ] £a&ft^ft^Sfc£(7&m^*A'" 

? - y £ Eg LfcXSofllttB 

1 xf-y 

2 >--/l4f 

4 txhy 

5 fV^X^z-S 
6 

7 8A 

8 yvyis 

9 3fV>&tvW 
1 0 JXiV 

1 1 f7oyfa-7 

[03] 



16. 5mm 







—J BO* Kv^4. OSmrn ^ 




17. fimm * 
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7 ■ 
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[01] 



(041 
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"- n <m ifM f t > 



io — U U ETT3 [TD — O 

o dT 



T. as 



7. 8BZ 



7. 8S? 



1 3fi 



1 affl 



S. Omm 




2 



^5 

7 



> etr^5. Omm 
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